Abstract -Wind Energy is considered as the green and free energy. It can be harvested any time wherever there are high winds. One of the concerns with turbine is with birds and bats. There are reports of birds and bats fatalities around wind turbine. One way to investigate this issue is to monitor wind turbine areas. Researchers have used marine radars for this purpose. Weather radars commonly known as NEXRAD have also been used for monitoring purposes. The advantage of NEXRAD is that it can provide bird migration movements over a broad geographical scale and can be accessed free of charge. This work proposes image processing based algorithm for retrieval of biological information from NEXRAD data. The method is limited to the radar range up to 80 km. It will be useful to wildlife biologists, wind farm developers and policy makers.
I. INTRODUCTION
Wind energy has gained economic variability and it is one of the fastest growing renewable energy resources. However, there is a potential impact of wind turbines on birds and bats. Environmental risk to wildlife has been reported from wind turbines, communication towers and other structures. Usually the wind farms are installed where wind speeds are high such as upland, coastal and offshore areas. Thus, habitats for wintering, breeding and for migrating birds and bats are affected by the wind farms.
Four main reasons of bird mortalities due to wind turbines are collision, displacement due to disturbance, barrier effect and habitat loss [1] [2] . Each year during migratory periods there are several millions of birds travelling between Canada, United States and southern points. Usually the altitude of birds depends on many factors such as bird species, weather conditions, time and day of the year and geographic weather conditions. However, the majority of bird's flight altitudes are at a height of 304 m to 509 m Above Ground Level (AGL). Some migratory flights also occur at 1500 m to 1850 m AGL and in unusual conditions may go up to 3600 m AGL [3] .
Many methods Many factors affect the bird migration patterns such as meteorological conditions, day length, intensity of sun and environmental factors. Methods used for bird migration studies are counting number of birds and their direction of flights through a telescope, aural, radio tracking and radar. Many researchers have used wide variety of radars such as marine radars, tracking radars, small and large surveillance radars [3] [4] [5] [6] [7] [8] . Radar Ornithology uses only X, C and S band radars. Doppler Weather Surveillance (WSR-88D) can be used to detect bird flight information ranging up to 230 km. Advantages of NEXRAD/weather radar over other types of radars are extension of detection range and continuous data collection that is available free of cost [9] [10] .
Sidney A. Gauthreaux [3, 8] showed appearance of birds on base reflectivity and base velocity products of WSR-88. He also used the moon-watching or direct observations methods for correlation purposes. He showed a calibration curve, which relates the decibel values of reflectivity to the Migration Traffic Rate (MTR) of Birds. M. Dokter and I. Holleman [4] have developed a method for the detection and quantification of bird migration. Their algorithm was developed for a network of operational C-band radars to measure bird density, speed and direction for each altitude level. The data obtained from their weather radar was validated with independent high accuracy dedicated pencilbeam X-band radar named as bird radar. They have developed a Volume Velocity Processing (VVP) technique and computes altitude profile of average speed and direction using a constant velocity model. To convert the weather radar reflectivity to bird density, the algorithm uses a constant bird radar cross-section of 11 cm 2 . Felix Liechti [5] proposed use of Sensitivity Time Control (STC) filter for removing clutter. This method includes discriminating bird echoes from insect echoes and estimating the detection probabilities by classifying birds according to their radar cross-section. Nebuloni et al. proposed a method [6] for detection and counting of migratory bird patterns using Poisson distribution method and estimates bird density with respect to the time and height. This method is only suitable to broad-front migration. Robert H. Diehl [7] investigated the migratory behavior using ten NEXRAD radars. An average radar crosssection of a bird was considered as 17.5 cm 2 . Diehl and Buler [7] proposed a bias-adjustment algorithm and used mean Vertical Profile of Reflectivity (VPR) technique to adjust the bias in reflectivity measures. This algorithm is modified in this work. It is designed to differentiate between the biological echoes from non-biological echoes using imageprocessing techniques. To reduce bias from biological measures, mean Vertical Profile of Reflectivity (VPR) technique has been incorporated using radar beam geometry. The algorithm also reduces the computational time.
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This work uses image processing techniques for processing of NEXRAD imagery data and quantifies biological content in the weather data taken during clear mode operating period. The work will be useful for monitoring of birds using NEXRAD in an 80 km range. This paper is organized as: Section II gives brief overview of the NEXRAD. Radar data processing is described in described in Section III. Simulation and data analysis is performed in Section IV. Conclusions are given in Section V.
II. NEXT GENERATION RADAR (NEXRAD)
Currently there are 160 S-band radars commonly called 1988 Doppler (WSR-88Ds) or Next Generation Radars (NEXRAD) deployed in the United States and forming a network of Weather Surveillance Radars. This system provides data in the form of reflectivity, velocity, and spectrum width of an atmospheric disturbance. WSR-88D operates in two modes of operation clear air and precipitation modes depending upon weather conditions. In clear mode, the radar operation is very sensitive as the antenna rotation rate is very slow. Due to this, it is easy to find small particles in the atmosphere. Precipitation mode is used during any kind of precipitation. The radar rotation rate is high. It gives the information of vertical structure of the storms. National Climatic Data Center (NCDC) [9] provides a special software called NOAA's Weather and Climate Toolkit (NCDC Radar Software). This toolkit provides simple visualization and data export capabilities. Archived data is available to scientific community and others at no cost. The NEXRAD Level II provides three base meteorological products such as reflectivity, Doppler velocity and spectrum width. Most people use Level II data as it has as super resolution, provides 128 colors and data is incremented in 0.5 dBZ.
Reflectivity is a measure of an echo signal and a predictor of size of the target. If the transmitted signal intercepts a target, some energy will be reflected back. The amount of the reflected energy can be converted into power of the signal, which gives an estimate of the number of targets presents and their sizes in that area. The reflectivity is represented in decibels (dB), a standard measure from radar meteorology. NEXRAD specifies reflectivity in decibels (dBZ). The higher dBZ value indicates larger or stronger object [10] . The linear measurement of reflectivity is transformed to its logarithmic scale using Z= 10 / . The range of reflectivity values (dBZ) depends on the mode of operation. The range of scale is -28 dBZ to +28 dBZ for clear air mode and from +5 dBZ to +75 dBZ for the precipitation mode.
Radial Velocity specifies the speed of the moving target and its direction. The velocity information can be used to distinguish or separate various kinds of targets. This work is focused on monitoring and tracking of birds using readily available NEXRAD data. Therefore radial velocity can be used as one way to separate birds from other moving targets. It is well known that generally birds fly with speed in the range of 8 m/s to 12 m/s [3, 8] . Therefore if one is interested in movement of birds than anything moving outside this range is considered as clutter and can be removed.
III. RADAR DATA PROCESSING
Radar data consists of desired target information, clutter in the form of background and noise. The NEXRAD data is available in the form of images. An appropriate technique for processing this type of data is to use widely available image processing techniques [11] . Robert Diehl and others [5] [6] [7] has provided an algorithm for quantification of bird activity using reflectivity data from NEXRAD. Image processing technique is proposed to enhance quantification of bird activity. Imageprocessing techniques can be used to read images and filter out unwanted radar echoes. Background subtraction techniques can be applied to filter unwanted radar echoes. However, one appropriate mechanism for background subtraction on radar images is through eigen backgrounds. Principal Component Analysis (PCA) followed by noise subtractions, target filtering are used in this work [11] .
The original method of Buler and Diehl [7] is modified and image processing based operations are employed which eventually reduces computational burden and improves quality of results. The proposed algorithm adjusts the reflectivity measures after filtering techniques are applied. The algorithm reduces number of pixels in the images resulting in reduced computational time.
IV. RADAR BEAM OCCULTATION
When the radar transmits a signal, the energy may or may not be intercepted by the surrounding topography. There are two possible scenarios of blockages. First is the partial beam blockage which implies that only part of the beam crosssection area is intercepted by topography. The second scenario is the total beam blockage. It means that the total beam cross-section area has been blocked by topography or certain tall structures [11] has provided various algorithms and formulas for computation of beam occultation. They consider the beam height with respect to the topography. If there is any beam blockage, the correction has to be applied on radar pixels. The correction varies from 10% to 60% that is 1-4 dB of reflectivity added to the original pixel data and depends up on the type of beam blockage. The observations used in this work are from Cleveland (KCLE), Ohio. Therefore, according to the radar site information, there is no terrain part that surrounds the radar detections in the data. That is, there is no blockage and the percentage of reflectivity does not need any adjustment.
where , , = Adjustment factor at each range = Mean VPR at each Range = Beam-Cross section at each Range Since there is no occultation in the study area so occultation factor is ignored. If this work is used in an area where there is partial or total blockage then occultation factor needs to be considered. Number of birds in the air space can be estimated by dividing total raw reflectivity in each pulse volume by its corresponding adjustment factor for each range. The final step of the algorithm is to present results in a form that will be useful for wildlife biologists. Next section describes quantification of bird data.
V. QUANTIFICATION
The WSR-88D base reflectivity is directly related to the number of birds rather than the flow of birds within the radar beam. Wildlife biologists would like to see number of parameters that may be useful in determining behavior of birds in the vicinity of wind turbines or major geographical diversity. Parameters considered in this work are as follows:
• Bird Density (Birds/km 2 ) according to range and altitude Above the Ground Level (AGL) at different areas.
• Volume Density (Birds/km 3 ) according to range and altitude (AGL) at different areas.
• Percentage of bird density.
• Variance of bird density
I. Bird Density (Birds/km2)
This parameter represents the average number of birds according to range and altitude (AGL) at evening civil time, night time and morning civil twilight time. Evening civil twilight time is considered as one hour after sunset. Morning civil twilight time is one hour before sunrise, and in between these two timings, it is considered as night time observations. Bird density is then computed according to these timing and presented both in tabular or graphical forms. Computation of volume density was performed using above two methods and results indicates that they seem to provide similar results. First method seems to be more practical and has been adopted in this work.
VI. PROPOSED RADAR DATA PROCESSING ALGORITHM
The original method of Buler and Diehl [32] is modified by inserting image processing based filtering operations which eventually reduces computational burden and improves quality of results. This algorithm adjusts the reflectivity measures after filtering techniques are applied. The algorithm reduces number of pixels in the images resulting in reduced computational time as shown in Fig. 1 . 
Image Dilation
Image Segmentation location was selected as it was the neare National Wildlife Refuge and had clear topo km area was identified for simulation an purposes and the selected study area has bo areas. The study area is the Ottawa Nationa which is located exactly at 114.479 km tow from the KCLE station as shown in Fig. 1 beam height is calculated at 0.5 0 elevation an approximately 1715 m Above Ground Lev marine radar location in Ottawa National W is observed that there are few birds range/height as it is far from KCLE and its high from the ground. Most wind turbin between 100 to 300 m. Most birds also mig m height. There will be fewer birds at high and Diehl [7] in their paper recommen NEXRAD radar up to 80 km and in clear and marine radar data at 1693 m height prov and 1 bird/km 3 respectively. There was evening and morning civil time on that parti NEXRAD and marine radar observations NEXRAD was operating in precipitation m when data from marine radar was being col data from the night of April 27, 2011 wa quantification data for bird migration and with that of marine radar data as shown in seen that there is discrepancy between these is due the fact that the study area happen t nearest NEXRAD station in terms of rang beam. The overlap between two beams Proposed algorithm provides better corr observations from marine radar data and NE in Table I .
VIII. CONCLUSION
The goal of the research was to provide q for nightly bird migration patterns using NE a useful tool for wildlife biologists, wind tu and policy makers. The work uses prev quantification algorithm, incorporates im techniques and proposes a new algorithm. T processing techniques removes clutter and various biases in reflectivity measures. One products of NCDC data is used in the pro The research can be extended to incl width data. It will be useful for comp migration data with any radar operat 80 km range. The proposed algorith bird measure, reduces clutter and com 
